We compared the outcome of closed intramedullary nailing with minimally invasive plate osteosynthesis using a percutaneous locked compression plate in patients with a distal metaphyseal fracture in a prospective study.
We compared the outcome of closed intramedullary nailing with minimally invasive plate osteosynthesis using a percutaneous locked compression plate in patients with a distal metaphyseal fracture in a prospective study.
A total of 85 patients were randomised to operative stabilisation either by a closed intramedullary nail (44) or by minimally invasive osteosynthesis with a compression plate (41). Pre-operative variables included the patients' age and the side and pattern of the fracture. Peri-operative variables were the operating time and the radiation time. Postoperative variables were wound problems, the time to union of the fracture, the functional American Orthopaedic Foot and Ankle surgery score and removal of hardware.
We found no significant difference in the pre-operative variables or in the time to union in the two groups. However, the mean radiation time and operating time were significantly longer in the locked compression plate group (3.0 vs 2.12 minutes, p < 0.001, and 97.9 vs 81.2 minutes, p < 0.001, respectively). After one year, all the fractures had united. Patients who had intramedullary nailing had a higher mean pain score, but better function, alignment and total American Orthopaedic Foot and Ankle surgery scores, although the differences were not statistically significant (p = 0.234, p = 0.157, p = 0.897, p = 0.177 respectively). Three (6.8%) patients in the intramedullary nailing group and six (14.6%) in the locked compression plate group showed delayed wound healing, and 37 (84.1%) in the former group and 38 (92.7%) in the latter group expressed a wish to have the implant removed.
We conclude that both closed intramedullary nailing and a percutaneous locked compression plate can be used safely to treat Orthopaedic Trauma Association type-43A distal metaphyseal fractures of the tibia. However, closed intramedullary nailing has the advantage of a shorter operating and radiation time and easier removal of the implant. We therefore prefer closed intramedullary nailing for patients with these fractures.
The best method of treatment for distal tibial fractures remains controversial. Operative fixation remains the mainstay of treatment. In theory, both closed interlocking intramedullary nailing (IMN) and minimally invasive plate osteosynthesis (MIPO) are important in treatment because the fracture is close to or extends into the ankle joint and the tibia has little overlying muscle.
Many studies have focused on the appropriate use of surgical devices, such as IMN or shortened IMN, the anatomical plate, the monoaxial or polyaxial locking plate and the steel medial plate. [1] [2] [3] [4] [5] [6] [7] [8] [9] They have shown the importance of obtaining and maintaining reduction of the fracture with stable fixation to allow early rehabilitation. However, these studies have all been retrospective reviews and small series.
The aim of treating a fracture is to produce a stable construct which allows early mobilisation and weight-bearing, but with minimal complications. 10 Our hypothesis was that patients with a distal metaphyseal fracture of the tibia would recover better after closed IMN than after percutaneous locking compression plating (LCP). We also compared the operating time, imaging time, rate of wound problems, the time to union of the fracture and mobility after one year. 11 or fractures with a displaced intraarticular fragment were also excluded. The fractures were classified according to the Orthopaedic Trauma Association (OTA) classification. 12 The criterion for inclusion was the presence of a distal fragment of at least 3 cm in length with no articular incongruity, which corresponded to an OTA type 43-A fracture. The operation was usually performed on the day of injury. Five patients underwent delayed MIPO-LCP because of excessive swelling or bruising. The mean time from injury to fixation in these cases was 6.8 days (5 to 10). Operative technique. All the patients underwent operation on a standard radiolucent table. An external frame of the fracture traction table using centrally threaded pins in the os calcis was used to reduce and stabilise the fracture during IMN. In fractures treated by LCP, reduction was achieved as described by Borg et al, 8 and Mast, Jakob and Ganz. 13 If the correct reduction was not achieved at the first attempt the plate was withdrawn and reconfigured for a better fit. The operative techniques of closed IMN and MIPO-LCP were the same as described elsewhere. [1] [2] [3] [6] [7] [8] [9] [10] Accurate closed reduction of the fracture was verified before insertion of the ball-tip guide or LCP into the distal tibial metaphysis. Reaming was performed up to 1.0 mm to 1.5 mm larger than the diameter of the nail. Static locking was applied in all cases. Combined fibular fractures were usually left unfixed unless associated with syndesmotic instability, which was tested after tibial fixation. Talar shift caused by an external rotation force was considered to be a sign of syndesmotic instability. 3 If the associated fibular fracture was fixed, the patient was excluded from the study. Thus ten patients in the IMN group and nine in the LCP group were excluded. Intra-operative care. All the patients underwent operation in the same hospital by the same group of senior surgeons (JJG, HY, TT). They all received prophylactic antibiotics intravenously one hour prior to a tourniquet being applied, consisting of cefazolin (1 g every eight hours) or, in the presence of a penicillin allergy, vancomycin (1 g every 12 hours). This was continued for 24 hours after surgery. The length of the operation, the total radiation time, and the operating time from skin incision to skin closure were recorded. Post-operative care and follow-up. The post-operative care was the same for both groups. The wound was inspected on the fifth post-operative day and the sutures were removed after 14 or 15 days.
Patients and Methods

Between
Delayed wound healing and superficial infection were defined as persistent drainage from the wound for at least two days, or separation of wound edges to a width > 1 cm and a length > 1 cm.
14 Post-operatively, the ankle was immobilised in a short-leg splint or cast for three weeks. Range-of-movement exercises for the ankle were then encouraged. Partial weight-bearing was allowed when radiological evidence of progress towards union was seen usually at six weeks after operation. A decision regarding full weight-bearing was made on an individual basis, depending on the progression of union.
The patients were followed up clinically and radiologically at intervals of six weeks until bony union was achieved. They were reviewed at three, six and 12 months and assessed objectively by physical and radiological examination. Fracture healing and nonunion were assessed according to the definition of Im and Tae. 3 The development of a complication was documented at each follow-up visit. Dynamisation of static nailing was not performed. We designed a questionnaire concerning removal of the implants for completion by the patients. The American Orthopaedic Foot and Ankle surgery (AOFAS) scoring system 15 and the implant removal questionnaire were used to evaluate the function of the ankle and the patients' attitude, respectively, at the last follow-up examination, by two authors (JJG, TT), 12 months after operation. Statistical analysis. This was performed using SPSS 13.0 for Windows (SPSS Inc., Chicago, Illinois). Odds ratios and means were compared between the groups, with 95% confidence intervals (CI), excluding the value of one and zero respectively, being considered as statistically significant differences. The unpaired independent t-test was used to compare outcome measures with parametric means. The chi-squared test and Fisher's exact test were used to compare non-parametric means. The level of significance was set at p ≤ 0.05.
Results
Of the original 111 patients 44 in the IMN group and 41 in the LCP group were reviewed at the one-year follow-up. Their clinical details and pre-operative variables were comparable (Table I) . The remaining 26 patients had not reached one year by the time of the study.
We found no difference in the time to union in weeks in the two groups (IMN, 17.66, LCP 17.59). However, the mean radiation time and operating time were significantly longer in the LCP group (3.0 vs 2.12 minutes, p < 0.001 and 97.9 vs 81.2 minutes, p < 0.001, respectively) ( Table II) . All fractures united. Patients who had IMN had more pain and a better function, alignment and total AOFAS score (Table  II) . Alignment was measured as follows, good (10 points); plantigrade foot, midfoot well aligned, fair (5 points), plantigrade foot, some degree of midfoot malalignment observed, no symptoms and poor (0 points), non-plantigrade foot, severe malalignment, symptoms. There was no statistical difference between the two groups. There were more wound problems in the LCP group, although the difference was not statistically significant. All the cases were of delayed wound healing and superficial infection. No wound was explored, and all had healed after six weeks.
A total of 37 (84.1%) patients in IMN group and 38 (92.7%) in the LCP group wished to have the implant removed (Table III) . Only three patients decided against removal. Several factors contributed to the decision for removal, principally prominence of the plate and pain. Otherreasons included aesthetics, insurance and compensation. Removal of the implant has been carried out in 47 (55.3%) patients, 23 in the IMN group and 24 in the LCP group. The mean time to removal was 15.5 months (12 to 23). All the IM nails were removed without difficulty. Of the 169 self-tapping locking screws of the LCP 12 (nine patients) were removed with some difficulty because of stripping of the hexagonal recess.
Discussion
Open reduction and internal fixation of distal tibial fractures often requires extensive dissection which may lead to devitalisation of tissue, creating an environment less favourable to union and increasing the risk of infection. As a minimally invasive method,MIPO has become more popular with the development of the LCP. 2, 8, 9 Through a small skin incision, the plate is tunnelled extraperiosteally along the medial aspect of the tibia and fixed by head locking screws. Closed IMN is another less invasive method which spares the extraosseous blood supply, allows load-sharing and avoids extensive soft-tissue dissection. 1, [3] [4] [5] [6] [7] Its use has been extended to fractures closer to the ankle. To the best of our knowledge, no previous prospective study has been performed to compare these two methods.
There have been four previous randomised controlled studies in which the results of IMN were compared with 6 reviewed 111 patients treated by either an IMN or a plate over a period of four years. Delayed union, malunion and secondary procedures were more common after nailing. However, their studies were retrospective, non-randomised, and included open, closed and fibular fractures. Concurrent open reduction and internal fixation of a fibular fracture may contribute to nonunion of the tibial fracture because of a relatively larger reduction in strain across it. 6, 16 In a prospective study by Im and Tae   3 nailing showed an advantage in operating time, movement and wound problems, but anatomical plates produced better alignment. 3 We used stricter inclusion criteria, requiring the presence of a distal tibial fragment of at least 3 cm with no articular incongruity. All the procedures relied on closed indirect reduction and internal fixation. Most of our patients had a fibular fracture. We excluded those with open reduction and internal fixation of a fibular fracture because the essential benefit of closed IMN and MIPO in the avoidance of softtissue dissection might be compromised in this way. Postoperative malalignment has not been a major problem in our study. Careful pre-operative and intra-operative scrutiny of alignment was important. No patients in either group had more than 10° of varus or valgus or anterecurvatum malalignment. Distal locking using the Stryker S2 nail can be anterior to posterior (second hole) or medial to lateral (first and third holes). The most distal hole is 5 mm from the tip of the nail so that it can be used for very distal fractures. The time of operation and radiation were longer in the LCP group than in the IMN group. The reason for this might have been the indirect reduction techniques which were more complicated in the MIPO technique. There were no cases of nonunion, suggesting the superiority of the closed application of IMN and MIPO for the preservation of the soft tissues and fixation of the fractures. Our study confirmed that reamed nailing was safe, even for distal metaphyseal fractures of the tibia, and was associated with a low risk of delayed union and no risk of nonunion. The functional results were good with a mean score of 86.1 points in the IMN and 83.9 points in the LCP group. This is in line with previous studies of distal tibial fractures with a mean AOFAS score between 91.0 and 87.3 points following union. 9, 17 Wound complications were more common in the LCP group, 14.6% compared with 6.8% in the IMN group. All were delayed wound healing. Lau et al 18 reported a rate of late infection of 15% in MIPO fixation of a locking plate in distal tibial fractures and 52% of their patients had the implant removed because of skin impingement. Our study also showed that pain caused by impingement of the implant on the skin was common. There is controversy as to the need for routine removal of the implant 19 which can be difficult and includes all the general risks associated with surgical procedures. A total complication rate of 20% has been reported. 20 We had some difficulty in removing the locking screws because of the stripping of the hexagonal recess and threads of the head of the locking screw in nine patients. Cole, Zlowodzki and Kregor 21 described cold welding at the interface of four of the 11 locking screws in one less invasive stabilisation system, all of which were fixed to the diaphyseal segment. Bae et al 22 had an incidence of stripping of 8.6% at the time of removal of 279 locking screws. This was much higher than that in the removal of conventional screws. Thus, in practice the difficulty of the removal of locking screws can be a serious problem.
There were some limitations to our study. One consequence of the MIPO-LCP method was that the operation was delayed for up to ten days if the leg was considerably swollen and bruised. This could have affected the outcome in five cases, but these delayed operations appeared to have no influence on the final results.
IMN was associated with earlier operation and required the removal of only two screws. The smaller wounds were easier to close and heal. A larger sample size and a longer follow-up period will be needed to provide further useful analysis.
Our results have shown that both a closed IMN and LCP with MIPO can be used safely to treat OTA type-43A distal metaphyseal fractures of the tibia. Closed nailing has the advantage of shortened operating and radiation time and ease of removal of hardware. We have therefore adopted closed intramedullary nailing as our preferred method of treating these fractures.
